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Washington, D.C. 20231 



Re: U.S. Utility Patent Application 

Appl. No. 09/500,991; Filed: February 15, 2000 

For: Compounds Modulating Sister Chromatid Separation and Method for 
Identifying Same 

Inventors: Uhlmann et al 

Our Ref: 0652.2040000/EKS/PSC 



Sir: 

Transmitted herewith for appropriate action are the following documents: 

1 . Claim for Priority Under 35 U.S.C. § 1 19(a)-(d) In Utility Application, with 
Certified Priority Document attached; and 

2. One (1 ) Return Postcard. 

It is respectfully requested that the attached postcard be stamped with the date of filing of 
these documents, and that it be returned to our courier. In the event that extensions of time are 
necessary to prevent abandonment of this patent application, then such extensions of time are 
hereby petitioned. 

The U.S. Patent and Trademark Office is hereby authorized to charge any fee deficiency, 
or credit any overpayment, to our Deposit Account No. 19-0036. 
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Sterne, Kessler, Goldstein & Fox p.l.l.c. 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In re application of: 

Uhlmann et al. 

Appl. No. 09/500,991 

Filed: February 15, 2000 

For: Compounds Modulating Sister 
Chromatid Separation and 
Method for Identifying Same 




Art Unit: 1623 

Examiner: To be assigned 

Atty. Docket: 0652.2040000/EKS/PSC 



Claim For Priority Under 35 U.S.C. § 119(a)-(d) In Utility Application 



Commissioner for Patents 
Washington, D.C. 20231 



Sir: 

Priority under 35 U.S.C. § 1 19(a)-(d) is hereby claimed to the following priority 
document(s), filed in a foreign country within twelve (12) months prior to the filing of the 
above-referenced United States utility patent application: 



Country 


Priority Document Appl. No. 


Filing Date 


Europe 


BP 99102962.0 


February 15, 1999 









A certified copy of each listed priority document is submitted herewith. Prompt 
acknowledgment of this claim and submission is respectfully requested. 



Respectfully submitted. 



Sterne, Kessl er, Go ldstein & Fox p.l.l.c. 



Date: ^/^//aO 

1 100 Nev/Yoric Avenue, N.W. 

Suite 600 

Washington, D.C. 20005-3934 
(202)371-2600 




Eric 

Attorney for Applicants 
Registration No. 36,688 
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Patentamt 



European 
Patent Office 



Office europeen 
des brevets 




Bescheinigung Certificate Attestation 



Die angehefteten Unterla- 
gen stimmen mit der 
ursprunglich eingeretchten 
Fassung der auf dem nach- 
sten Blatt bezeichneten 
europaischen Patentanmel- 
dung uberein. 



The attached documents 
are exact copies of the 
European patent application 
described on the following 
page, as originally filed. 



Les documents fixes a 
cette attestation sont 
conformes a la version 
initialement deposee de 
la demande de brevet 
europeen specifiee a la 
page suivante. 



Patentanmeldung Nr. Patent application No. Demande de brevet n*" 

99102962.0 



DECEIVED 

SEP Z^WB 

TECH CENTER 1600/2900 



Der Prasident des Europaischen Patentamts; 
Im Auftrag 

For the President of the European Patent Office 
Le President de I'Office europeen des brevets 

P.O. 




I.L.C. HATTEN-HECKMAN 



DEN HAAG,DEN 

THE HAGUE, 16/03/00 

LA HAYE,LE 
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Application no.: 
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99102962.0 



Anmetdetag: 
Date of filing: 
Date de depot: 



15/02/99 



Anmelder: 

Applicant{s): 

Demandeur(s}- 

BOEH RINGER INGELHEIM INTERNATIONAL GmbH 

55218 Ingelhelm am Rhein 

GERMANY 



Bezeichnung der Erfindung: 
Title of the invention: 
Titre de Tinvention: 

Pharmaceutical 1y active compounds and method for Identifying same 



In Anspruch genommene Prioriat(en) / Priority(ies) claimed / Priorite(s) revendiquee(s) 

Staat: Tag: Aktenzeichen: 

State: Date: File no. 

Pays: Date: Numero de depot: 



Internationale Patentklassifikatton: 
International Patent classification: 
Classification Internationale des brevets: 

A61K38/55 



Am Anmeldetag benannte Vertragstaaten: 

Contracting states designated at date of filing: AT/BE/CH/CY/DE/DK/ES/FI/FR/GB/GR/IE/IT/LI/LU/MC/NLyPT/SE 
Etats contractants designes lors du depot: 

Bemerkungen: 

Remarks: 

Remarques: 



EPA/EPO/OEB Form 1012 - 04.98 



Case 14/047 Di Fa/'dc 



BOEHRINGER INGELHEIM mXERN ATION.AJ.. GMBH 
552 1 6 Tngelheim ani Rhein (BRD) 



Title: Pharmaccaticaily active compounds aiid method for identLtying same 
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TV.e invention relates to Ibe field of therapy, in particular to the irihibition of the 
proHferatLon of rapidly diving cells. 

5 During the prccess of cell division, sister chromatids are pulled to opposite iialves 
of the ceil by microtubules emanating from spindle poles at opposite sides of the 
ceiL One set of microtubules iiitcr-digitates with oti^.ers ^rrianatmg fi'om the 
opposite pole. Their role is ro keep (and drive) the tv^'o poles apart. Meanwhile, ^ 
second set of microtubules attaches to chromosomes via ,speciali2ed structures 

1 0 called kinetochores and pull? Ihern towards the poles. Sister chromatids segregate 
away from each other because iheir kinetochores attach to microtubules emanating 
from opposite poles (Rieder et a).. 1998). Chioinosomes are not mere passengers 
during this process. During mec^.phase. ihc tendency of microiubides to move 
sisicrs apart is counteracted by cohesion holding sisiers together. Cohesion 

15 therefore generates the tension by which calls align sister cluomaiids on the 

metaphasc plate. Were sisters to separate before spuidie fonnation, it is difficuli to 
imagine how cells could distinguish sisters from chromatids that were merely 
homologous. The sudden loss of cohesion, rather than an increase in the exertion of 
microtubules, is thought to uigger sister separation during anaphase (Miya7.aki ct 

2 0 a],, 1994). Cohesion also prevents chromosomes tailing apart due to double strand 
breaks and facilitates their repair usmg recombuiation. 

To avoid missegregatiou of chromosomes, anaphase must only be initiated aH.er 
sister chromatids of each dLLplicated chromosoriie have attached to opposite poles 
of the mitotic spmdle. Microtubides emanating from opposing spindle poles attach 

2 5 to a specialised structure on each sister ci)romaiid called tlic kinetochore. 

Mici'oiubules are thought to **f:nd'* kinetochores by a '^search and capture" 
mechanism which cannot be completed simultaneously for ai i chromosomes 
(Hayden ei ai., 1990; Merdes and De Mey, 1990). Cells therefore possess 
regulatory' mechanisms diat delay sister chrom.atid sepai'ation until the last 

3 0 chromosome has achieved bipolar att3crj:':eni. The dissokuion of sister chromatid 

cohesion at the metaphase to anaphase tran^inon is tiierefore a highly regulated step 
during the eukaryoric cell cycle. 



'Mr 
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Sis*;er chromatid cohesion depends on a multi-siibunit complex culled cohesin 
(Losoda et al., 1998), which contains at leasi four subuiiits: Smclp, Smc3p, Sccip, 
and Scc3p, all of which are conserved between yeast and humans. It is likely, but 
not yet proven, that coiiesin is a key consiituent of the tether that holds sister 
5 cluoniatids together. The association between cohesin and chromosomes has 

recently been shown to depend on the Scc2 (Mis4) protein. Cohesion is •::stablished 
dnriiig D?>IA replication (LITilniann and Nasmyth, 1998). It has been recently shown 
thax the Ecol (Ctf7) protein is required for the cstabhshment of cohesion during 
S phase but unhJce cohesin is not required to maintain cohesion during G2 and 

1 c M phases. In yeast, cohesin remains cightly associated with cbxomosomes until 

metaphase, that is, it is present on cliromosomes during their alignment during 
raetaphase. In animal cells, however, the bulk of cohesin dissociates from 
chxoaiosoraes during prophase. It is unclear how much cohesin, if any, remains on 
chromosomes during metaphase. The narare of the link that holds sisler chromatids 
15 together during metaphase in animal cells is therefore unclear. It could either 

involve a small fraction of cohesin that remains associated with cliromosomes or 
some other protein oom.plex. 

Ill yeast, at least two of cohesin's subimits, Scclp and Scc3p, suddenly disappear 
from chi'omosomes at precisely the point at which sister chromatids separate 

2 0 (Micbaelis et ah, 1997). This has led to the notion that a sudden change in the state 

of cohesin might trigger the onset of anaphase, at least in yeast, in Drosophila, the 
nieiS332 protein, which binds to chromosomes during prometaphase^ also 
disappears at the onset of anaphase. MsiS332 is required for sister chromatid 
cohesion during meiosis but not during mitosis (Moore et al., 1998; Kcrrcbrock cc 
25 al, 1995). MeiS332 is probably not a cohesin siibunit nor is it apparent whether 
homologous proteins exist in humans. 

Both the dissociation of Scclp from chromosomes and tlie sepaiation of sister 
chxamatids are dependent on a specialized sister separating protein (a separin) 
called Esplp (Cicsk et al., 199S). Homologucs of Espl exist in the fission yeast S. 

3 0 pombe, in Aspergillus nidulans, in the nematode womi C.elegans. in Xenopus 

laevis, and in man. This strongly suggests that Espl -like separins have a 
fundamental role in chromosome segregation that is largely conserved between 
yeast and man. Espl is tightly bound by an inhibitory protein called Pdslp whose 
destruction shortly before the metaphase to anaphase transition is triggered by 
3 5 ubiquitination mediated by tlie anaphase promoting complex (APC) (Cohen-Fix ct 
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al., i 996). Tlae .\PC is large multi-subunil complex, most of whose subuuits aie 
conserved between yeast a^id humans. Together with activator proteins called 
Cdc20p aiid Cdhlp, it mediates the ubiquitinaiion md thereby destruction of maiiy 
differsnit cell cycle proteins, including anaphase inhibitors like Pdsl and mitotic 
5 cyclins. Pdsl destJ'uction is mediated by a fonn of the APC bound by the activator 
Cdc20. Tliis forni is called APC^'"*^^^, (For a review, see Peters, 1998) 

Proteins with similar properties to Pdsl have been found in fission yeast (Oat2p), 
in Xenopus, and in humans. The APC is essential for sister chromatid separation in 
most if not all eukar>'Olic organisms. In yeast, it is clear that its main role in 
1 0 promoting sister separation is to destroy Pdsl, which liberates Espl and allows it to 
desti:oy sister chromatid cohesion, possibly by destroying the physical links 
between sisters mediated by cohesin. 



It was an object of the invention to further eluciate the mechanism of sister 
chromatid separation. 

15 In particulai*, it was an object of the invention to understand tiie mechanism by 

which Espip mediates the dissocation of Scclp from chromosomes in the budding 
yeast in order to take advantage of this mechanism by using it as a target in human 
therapy, in particular of cancer therapy. 

To solve tlie problem underlying the present invention, the following approach was 
2 0 taken: The observation that the dissociation of Sec J p from chromosomes at the 
onset of anaphase is dependent on Espl suggests that Espl might either have a 
direct role in tliis process, or that Espl might be indiiectly involved by initiating a 
process that leads to Soclp's dissociation. It was found in experiments of the 
present invention that Espl also prevents association of Scclp with ciiromosomes 
2 5 during Gl (see Example 1), wliich strongly suggesxs that EspTs role might be ver>^ 
direct. Scclp is an unstable protein which is rapidly destroyed following its 
dissociation from chromosomes at the onset of anaphase and which m.iist be re- 
synthesised during late Gl during the next cell cycle in order for cohesion to be 
established at the next round of DNA rephcation (^4ichaelis et ai., 1997) It was 
2 0 found that Scclp synthesised during G2 is also capable of bmding to yeast 
chromosomes but that ii fails to produce cohesion under these circumstances 
(Uhlmann and Nasmyth, 1998) However, it was noted taat Scclp synthesised 
during eaily Gl binds to chromosomes poorly^ if at all. As shown in Figure U 
inaclivation of Espl peimits the efficient association between Scclp and 





clu-omosomes during early Gl. The iiuplication is tha: Espl not only tiiggers 
Scclp's dissocatioii from chromosomes at the onset of anaphase but aLso prevents 
Sec i.p*s stable association with chrcmosonies during tlie subsequent Gl penod. 
Tlii-s strougiy suggests that Espl has a fairly direct ro!e in controlliivg the 
assocjation between Scclp and chromosomes. 

Starting from this finding, an assay was csiablished by which, Espl activity cculd 
be measured in vitro. A crude preparation of yeast dn-omatin isolated from cells 
aaested in a metaphase-like state by nocodazole, was Lncubated with a soluble 
extract prepared from cells over-producing Espl irom the GAL promoter 
(Figure 2). To delect Scclp cells were used whose Sccl protem was tagged at its 
C-teiTOiaus with multiple HA or Myc epitopes, which caii readily be detected with 
monocloaal antibodies. About 70% of the totdl Scclp in nocodazolc blocked cells 
15 tightly associated w-iih chronratiu and is therefore present in the chromatin 
fraction that was used. Most of the Scclp reniains tiglitly associated witli chromatin 
Folio wing incubation witli an extract prepared from cspl-l nnuant eel!* but most 
disappears from the chromatin fraction upon incubation with extracis containing 
high levels of wild type Espl protein. Somcwhai surprisingly, the Scclp protein 
induced to dissociate from chromatin by Espl appeai'ed in the ^'soluble" 
supernatant fraction as a cleaved product. The C-tenninal fi agmeiits of this 
cleavage were detected by using oh a substiate a C-tenninally tagged Scci protein 
and N-terminal fragments using ys substrate an N-terminaily tagged Sccl protein. 
The sizes of these cleavage products suggested thrit Espl induces one or more 
specific cleavages of Sccl p withm a 1 0 kd intcival. This Esp i -dependent cleavage 
was inhibited by the addition of redculaie lysaie that had translated Pdsl but not by 
an otherwise identical lysaie that had translated an unrelated control protein. The 
Esp I activity detected by the cleavage assay U therefore inhibited by PdsL which 
demonstrates directly, for the first time, iJiat Pdsi is indeed an inhibitor of Espip. 

To address whether Espl induced cleavage of Scclp also occurs in vivo ac -he 
onset of anaphase, a yeast strain was constmcted in which expression of the .APC 
activator Cdc2f)p is under control of the galactose inducible GALl-10 pronaoter. 
The strain also expressed an Sccl piotein tagged at its C tenrnnus with multiple 
HA or myc ej)itopes. Ceils from this straiji were airesited in metapiiase by 
incubation in galactose free medium and tiien induced to embark on anaphase 
highly syTichroiiously by the addition of galactose. Figure 3 siiovvs that sister 
chromutitb sepaxave in most cells xvithin 1 5 minutes and thnt Scclp dissociates 
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from chroTTiosoines vvith similar if not idemical kinetics. A low level of an Sccl 
cleavage produci was detected that is identical to that seen in vitro in cycling cells 
but noue in cells arrested in metaphase. The cleavage product suddenly appeared 
upon induction with galactose with kinetics tliat were similar if not identical to the 
separation of sister ciuomatids and dissocation of Scclp from chromosomes. To 
establish whether tiiis m vivo cleavage was dependent on Esp 1 activity the extent 
of Scclp cleavage in wild type and csp1 -1 mutants when released from cdc20 
aiTesi at 35.5^C was compared (the restrictive temperature for espl-I). The extent 
of Scclp cleavage was greatly reduced in the espl-l mutant. If was concluded tiiat 
Esp ! promotes the cleavage of Scclp and its dissociation from chromosonies both 
in vivo and in vitro. 

To address whether cleavage of Sccl mediated by Espi is importai^it either for 
sister chi'oraatid separation or for Scclp^s dissociation trom chromosomes, the 
cleavage site was mapped in order tliat it could tlien be mutated. An epitope tagged 
Scclp protein Irom celts that had been stimulat^^^d to undergo anaphase by 
induction of Cdc20 expression was iininunoprecipiated and fne 
imn'^iiioprecipirated proteins were separated on SDS page. A short sivetch of 
N-te.';minal amino acid sequence from the C-tenninal cleavage fragn)eni was then 
detennined by Edman degradation. This showed that cleavage in vivo had occurcd 
between a pair of argiiiiiies at positions 268 and 269. TTie N-lerminai of these 
argiiiine residues was then mutated to aspariic acid and an HA tagged version tlicn 
was expressed from the GALl-10 promoter in yeast cells whose endogenous Sccl 
protein was myc tagged. Galactose induced expression of this single mutant protein 
had link effect on cell proliferation. To establish whether the mutation had mdeed 
abolished cleavage, chiomatia from ceils expressi?)g the muiant protein vvas 
isolated and used as a substrate in the Espl assay. This ^hov/ed that cleavage at site 
26S was indeed eliminated by the aspartic acid mutation. However, the mutated 
protein was still cleaved in an Espl -dependent manner. The C-terminal cleavage 
product from tlie mutant protein was about 10 kDa longer than tliat from wild type 
The interpretation of these results is that Sccip is actually cleaved at iwo sites 
approximately 10 kDa apait. Cleavage at the more C-tenninal site is highly 
efficient, which is why C-temiinal tagged proteins cleaved only at the more 
N-terminal site were rarely detected. 
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To identify the second cleavage site, sequences within Sccip which are similar in 
sequence to those 3UiTounding die knov\Ti C-temiinaJ cleavage site were looked for. 
A 5 out of 7 amino acid match at position ISO found. Furthermore, the distance 
between tliis potential site and the known cleavage site is consistent with the 
5 greater length of the cleavage product generated in vitro from protein whose 

C-termiual site (R268) had been mutated. The matching sequence also contained a 
pail of arginines and tliercfore the more N-terminal arginine was mutaied to 
aspaitic acid. Next the effect of expresiuig IIA tagged versions of wild t>pe Scclp, 
both single mutant proteins, and the double mutant protein from the G/iL promoter 

1 C in yeast was compar*ed. As a host for tliese studies a strain was used wiiose 

endogenous Scclp was myc tagged. Neither wild type nor either single mutant 
blocked cell proliferation but expression of the double mutant protein was lethal. 
Chromatin from cells transiently expressing these proteins was prepared and it was 
shown that i±A tagged double mutant protein was no longer cleaved when 

1 5 incubated in Espl -containing extracts white the myc tagged wild r>'pe protein was 
efficiently cleaved. 

To investigate why cells expressing a aon-cleavebte Scclp protein (rhc RISO-D 
R26S-D double mutant) cannot proliferate, centrifugal elutriaiion was used to 
isolate Gl cells from a culUire gro wing in the ab-scncc of galactose , v/hich were 

2 0 then incubated in the presence and absence of galacrose (Fig. 4). in order to 

minimize the duration of mutant protein expression, the cells grown m the presence 
of galactose were transferred lo glucose containing medium afxer most cells had 
replicated their DNA (at 135 min.). In the absence of galactose, sister separation 
rind dissociation from chromosomes of endogenous rave tagged Scclp occued 
25 simultaneously, approximately 60 min after DNA repjication. Traiisieat expression 
of double mutaiit protein greatly reduced sister chromatid separation (Fig. 4b) but 
did not affect dissociation of endogenous myc tagged wild type protein (Fig. 4c 
and d). Furthermore, the mutant protein remained lightly associated with 
chromosomes long after the endogenous wild type protein had disappeared. 

3 0 Expression of the mutant protein did not greatly delay cell cycle progression and 

most cells underwent cytokinesis, producing progeny with low (0-0.5C) amounts of 
DNA and cells with less tiian a 2C DNA content (Fig. 4a). The dissociation fi'om 
chromosomes of wild type protein on schedule shows Uiat the lack of sister 
separation in cells expressing non-cleavable Scclp is not due to a lack of Esp I 
3 5 activity. Collectively, the data obtained imply chat cleavage of Scclp at one of two 
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sites is necessary both for sisler cliromatid separation aiid for dissociation of Scclp 
from chromosomes. 

From the obtaiucd results it can be concluded that cohesin directly mediates the 
link between sister chromatids thst is established during DNA replication and is 
mainiained until nietaphase. It can be further concluded that Espl's activation by 
proteolysis of Pdsl (and by as yet to be identitled other niechanisms) generates an 
activit)' iiiside cells that cleaves the Scclp subunit of cohesin and that das event 
both destroys sister chromatid cohesion and causes Scclp and possibly other 
cohesin subunits to dissociate from chromosomes. 

The findings of the experiments of the present invention have shed the first key 
insight into tlie molecular mechanism by which eukaryotic cells separate sister 
chromatids. In viev/ of the published Uteratuie, which contains no hints as to tlie 
mechanism by which sister chromatids ore separated, the finding that an 
Espl -related proteolytic activity is one of the key mechanisms involved in tlie 
1 5 onset o f anaplia^e is higlily surprising. 

Given the higli degiee of conservation of these meclianisms in eucar>'otic 
organisms, it can be concluded that the findings obtained in ihe expenments of the 
present invention in yeait ai'e also valid in higher cucaryotic organisms, in 
particular in man. 

2 0 Heucc, interfering with th.(5 mechanism provides a novel approach for iniiibiting 
the proliferation of rapidly diving animal cells, in particular tumor ceils. 

The invention relates to pharmaceutical ly active compounds which are 
characterized in that they interfere with or modulate sister chromatid separation by 
modulating the activity that cleaves one or more sister chromatid cohesion proteins, 
2 5 such as cohesin subunits. 

(In the following, the proteolytic activity responsible for cleaving cohesin 
protein(s) and thus interfering with sister chromatid segregation, is termed 
"Espl -related activity",) 
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Tlie pharmaceutically rjctive compounds of the invention may be small chemical 
molecules or biological molecules, e.g. peptides. 
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In a first embodiment, the oor^rixninds of the invemion are prolea^ie iiiliibitors 
specific for the protease that cieaves one or more sister clu-onruitid cohesion 
proteins. 

The compounds of the invemion cai: be identified by the following methods: 

In a first embodiment, rhc assay of ihe u^^q described in fixampie 2 can be used to 
screen ror co>npounUs that inhibit the Espl-reialed activity, i.e. Espl - dependent 
cleavage of yeast Scolp; tins approach has the advantage that it is not necessary to 
know whether Esp 1 is itself the proiea^e retsponsible for cleavage of Sec Ip. By this 
means, it is possible to identifv- compounds ihat inhibit Esp I -dependent cleavage of 
Scclp. The efficacy of such compounds can then be tested for iji vivo efficacy 
either on yeast cells or mammalian cells. Efrective compounds should block (or at 
kast in some way interfere with) sister chromatid separation, which caji be 
measured (e.g. tising CeiiV^GFP in yeast or standard cytologiciil tecliniques in 
mammalian ceils). Effective compounds should be either cytostatic (i.e, prevent 
cell division) or cytotoxic (e.g. cause apgptoois). 



The interpretation of the data obtained in the experiments of che present invention 
suggests that Esp! may itself be the protease responsible for the cleavage of Scdp 
and/or other cohesin subunits [n. this case, the compounds of the invemion exert 
their effect by dhectly inhibiting Esp) proteolytic activity, i.e. they are protease 
2 C inlnbitors specific for Esp 1 . 

Therefore, in a next step, besides identifying a simpler substrate, the identity of the 
Esp 1 -dependent protease is delcmiined in order to generate a more efficient assay 
suitable for high-throughpui screening. This step n-iay. for example, be carried out 
as follows: 



It is first determined whether the Sccl polypeptide alone or peptide seciuences 
derived from it can act as substrates for the Esp 1. -related activity. First, 
radioiabelled Sccl protein generated usii':g m vitro translation of Sccl mRNA 
(e.g. in a rabbit reticulocyte lysaie) is added to yeast extracts containing high levels 
of Espl and cleavage m.oriitored (e.ghy SDS PAGE followed by autoradiography). 
Second, defined peptides composed oi amino acid sequences surrounding sither the 
Sccl cleavage sites (R180 and R26S) are uscd as substrates. Cieavage of these 
peptides can be monitored by standard methodr,, e.g. by thin layer chromatography, 
by gel electrophoresis, by HPLC, or by mass spectroscopy. Third, fluorescent or 
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orher nieasiirabie derivauve^ of such peptides are g*?nerated and their cleavage in 
an Espl-depeiident manner is monitored by changes in the appropriate marker. 

Ill case that substrates coniposed of Sccip aiOfLe or peptides derived ther&ot prove 
r.oi 'CO be substrates for the Esp! -related activir],\ a yeast cohesin complex 
assembled from its constiruem subuiiits can be tested for its suitability as a 
substrate. To tliis end, each subunii Is recombimmtly produced in large amounts, 
for example in yeast, or in E coU. or in insect cells, then the subunits are allowed to 
assemble; a process that may take place cither during or after their 
syntliesis/purification. The reconstituted cchesin conpi.ex is iiien treated with yeast 
e^: tracts prepared from ceils over-producing Espl and cleavage of Scclp is 
monitored, e.g. by SDS PAGE. 

From the results obtained in the experiments of the inveaiion, it may, inter alia, be 
concluded that Scclp i.s the only cohesion protein cleaved as a consequence of 
EspL-related activity or . Aliemativeiy, orher types of proteins, for example, those 
which regulate mitotic spuidies, mi^ht also be uirgeis/suhstrates of the Espl-related 
activity . One way of addressing this qu^^stion is to make a version of Scclp that 
ha-^ one cleavage site replaced with ri sire for a forcrign protease (with the other 
cleavage site removc^d). Aji example for a convenient protease to use is 
eaterokinase, which has a very specific clf?avage site ( Asp-Asp-Asp-Asp-Lys). A 
strain can be constixicred dia! contains: the SCCl gene containing an entcrokinase 
cleavage site, a chromosom.al cdc20' 'i niuration, and the enteroktnase gene under 
G. iLI'iO inducible control hi the presence of galactose at the restrictive 
temperature (when cdc20-3 cells are anested in mstaphase due to their failure to 
destroy Pdsi). the effect of ihe aitinciBl cleavage of SvvOlp on its removal frcm 
chrom.osoines can be assayed (as measured by its presence m sedimented 
clironiosomal DNA fractions). Whether or not this :5 sufticient for sister chromatid 
iiepai'ation can also he examined microscopically . using the CenV-Gi^P system (sec 
Fig. 3). These expenments ullow to detennine wh^fncr the rest of mitosis can 
proceed under these conditions in the absence of bsplp function (note that Espl is 
in.active in cdc20-3 m,utants at the resiricii\e temperature due Co the presence of its 
inhibitor Pdsl). If the foreign protease triggers Scc lp's dissociation from 
chromatids imder these circumstances aixd sister- chrom.atids s^^gregate to opposite 
poles of the yeast cell, it can be concluded thai clcavuge of Sccl is the sole function 
of Espl needed for sister clu omatid segregation, if hov/ever, sister chromatids fail 
to segregate to opposite poles of tlie cell despite the variant Sccl p having been 



removed from chromatin, then is concluded fhat Espl has one or more umcl>ons 
besid;?-s cJeava^e of Scclp. A clue as to these functions can be obtained from the 
phenotype of these cells aiiri this caii be used lo idemifs' oitier potential substrates 
for Espl. Other substrates for Espl caxi be sought by looking for small DNa 
5 fragments from the yeast genome or an oligonucleotide librar>' that cm replace the 
norma! Sccl cleavage sites. Oligonucleotides may be inserted into a SCCl gene 
(lacking both natural cleavage sites) under control of the GAL promoter on 
centromeric piarnid, Ytsast ceils may be transformed with a librar>^ of such 
constructs and only plasmids whose modified Sccl protein, can be cleaved by the 
IC Espl -related activiity will permit growth in the presence of galrictose. 

Espip can be produced recoiTibinantly according to standard methods, eg in yeast 
or insect cells or in other suitable host cells . Esplp can he purined either by 
couve!itional biochemica) Fractionation froni yeast cells over-producing Espl or by 
tagging the over-produced protein wiili polypeptide sequences which have a special 

15 affinity for a defined ligaad (affmity purilic«a(ion). For example, Espl can be 

purified on nickel-agarose coiurt^ns if it has been tagged vviih multiple histidine 
residues, whereas it cai^. be purified on glutathione-agarose coluiruis if it has been 
tagged with GST. Such affinity puriltcation involves the cleavage of Espi from its 
tag using site specific proteases or self cleaving inteins. The thus obtained 

2 0 r.'^conibmant protein is then used to determine, according to kjtiown methods for 
assaying proteolytic activity, whether Esplp alone is capable of cleaving Scclp or 
peptide substrates derived from ir. 

In case diat Espl is alone capable of cleaving a peptide substi'ate derived from 
Scclp, then aii assay based on Espl as the protease and Scop I (peptide) as the 
2 c: substrate can easily be adapted to a high throughput fomial by methods that are 
standard tor other defined proteases, as described below. 

Tn the case that puritled Espl alone does not catalyse the cleavage reaction, then 
this implies either that Espl is not itself the protease or that it requires a co-factor, 
fn this case, Espl is indirectly involved in the proteolytic cleavage, e.^. by 
) 0 achvariiig a protease, wliich might sit on chromosomes or by iinducing self cleavage 
of Scclp and'or other cohesion proteinj;. Esp 1 may, for example, be an allosteric 
activator of the real protease. 

Whether and by which mechanism Espl excns an indirect effect on the cleavage of 
one or ri:!ore cohesm subunits can be detemiined as foilovvs: 
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The protease aiid/or its co- factor caii be kieiitified either by biocheinicai 

fractionation and/or by genetic approaches. In the first instance, cleavage of Sec I 

caii be detected when pcire Espl proiem is added lo yeast extracts hicking finy Espi . 

activit;/. The faclor(s) &om the yeast exiracts which enable the pure Esp 1 to 

S promote cleavage of Sec 1 can then be purifted by conventional biochemical j 

tcchiiiqv.cs (e.g. fractionation) and identified by e.g. mass spectrometrv'. An \ 

\ alternative approach to identifyiu'^ factors besides Espi reeded lot Sec I cleavaec j 

I is the use of yeast genetics. Mutations that reduce the activity of the protease or | 

I cofactor may be expected to be synthetic lethal either with expression of'Sccl j- 

i 1 0 mutants lackiiig one of its xwo cleavage site^ or with esp 1 - 1 mutants. Searching for 

■ such synthetic lethal mutations leads to the isolation of the putative cofactor and/or ' 

protease genes. Two t>pe3 of yea^t strains can be used for these genetic screens, in 

the first instance, a strain may be used that expresses fiom the gaiactose inducible | 

I GAL 1 -1 0 promoter a mutant Sccl protein one of whose cleavage sites iias been 

i 15 eliminated- This strain can be mutagenized, e.g. with EMS, and colonies grown on | 

I plates lacking galactose. Such colonies are rhen replica plated onto plates | 

I contcuning galactose and scored for growth by visual inspection. By this means, 

j mutations in genes other than SCCl, which are incompatible widi expression of a 

; pailially protease resist<int Sccl protein, can be identified. A.ssumins that tlie 

I 2 c muialions are recessive to wild type, the wild type ver^iion of the mutant genes can 

'] be isolated by complementation of the luck of growth on galactose plates. Tlie 

1 gene(s) can be identified by DNA sequencing. 

I 

' In the second instance, a yeast strair. can be generated v/hose endogenous ESP 1 

geae carries an espl nmtation (e.g. esp! -1) and which carries an unstable 
; 25 centronieric plasniid carrying a colony colour marker (e,g. and a wild type 

copy of BSP1 . This strain may aho harbour mutations of ade2 and ade3. Colonies 
carrying the centronieric ESPl ADE3 piasmid will have a red colour, whereas 
; colonies iii which the piasmid has been lo^t will be white. Tlic staiting strain for 

! mutagenesis, which is capable of losing, tiic plasmid when grown at 23"C, will 

3 c therefore produce red-white sectored coiciues. Mutations that render this strain 
j dependent on a wild type copy of ESPl will no longer produce wlute sectors; that 

1 is, they will produce pure red colonies. The ^:enes mutated in such strains can be 

I identitjed by standard procedures, e.g.cc-^-.pl^r-emation of the mutant pkeaotype by 

centromeric plasmids carrying fragments iroiu the yeast genome. By this means, 
35 genes can be identiiled whose products cooperate with Espl to cleave Scclp can be 
identified. Tf Espl is not the protease, then the actual protease can be revealed by 



this nietliod. Both genetic jueihods caii also be used to identify putative co-factors 
in the cleavage process that are neither Espl nor a different protease itselL 

The Esp I -dependent protease may also be identified by syiithesising a peptide 
spanning the cleavage site (which is sufficient to confer cleavage) ending at its 
5 C-tcrminus with aii aldehyde group. Such peptides are known in 5ome cases to bind 
covalcntly to the catalytic site of proteases. Thus, a biodnylated version of such a 
peptide may label the protease so that it can be detected and purified using 
strep tavidin. 

Inhibitorv compounds of this Espl -related activit>' can be identi fied using a 
1 0 variation of the assays already described for the case that Esp 1 itself is the protease- 
Instead of incubating peptide substrates with Espl alone, they can be incubated 
with a mixture of Espl p, the protease, and its co-factors. Aii components can be 
purified by the methods outlined above for Espl . 

Given the existence of Espl homologues in man, it can be concluded that the 
15 Espl -related activity plays an important role in ti'iggering anaphase onset also in 
humans. An Espl -dependent cleavage assay using humsin instead of yeast 
components can be established using the methods outlined above for yeast 
components. 

BSTs and complete cDNA sequences for human Espl already exist in public 
2 0 databases (accession number KIAAOl 65). A human Espl cDNA can be tagged 
with sequences that permit its rapid purification and expressed at high levels, for 
example in E.coli. yeast; hisect or maminalian cell cultures, ff the yeast studies 
described above identify a separate protease and cefaclors, then the existence of 
equivalent human genes can be confirmed first by inspection of existing 

2 5 dutaiiasesln the case of negative resujts, it is possible to identify the human genes 

by complementation of yeast mutants with human cDNAs; that is, a human cDNA 
library under control of a yeast promoter can be transfoi-med into yeast mutants and 
clones are sought that rescue the mutant phenotype. A chird possibility is to 
establish an assay For a human Espl -related activit>' along the lines already 

3 0 successful in yeast; that is, cleavage of an appropriate substrate by human cell 

extracts comaining high levels of human Esplp can be assayed. To do this, the 
human ESP I cDNA is expressed under conirol of a regulatable promoter in a 
mammaliau cell line. Factors other tha,n Espl required for the cleavage reaction can 



14 



be puri fied by conveutional Mochemical fractionation and identified a5 outlined 
above for equivalent yeast proteins. 

In the first instance, the human Espl -related activity can be assayed using 
substrates developed to assay the equivalent yeast activity, in case the hnmaa 
B protease has a difTerent sequence specificity to the yeast protease, variants of the 
yeast peptide sequence can be systeniatically explored for suitable substrates. 
A large library of peptides can be generated by con\'endonal means and this can be 
screenexl for peptides tiiat are efficiently cleaved in an Espl dependent fashion 
either by pure human Espl or extracts containing large amounts of human Espl . 
1 0 Tlie cleavage assay may be perfoimed as described above. Alternatively, the yeast 
sequences surrounding one oFyeasi Scclp*s cleavage sites can be replaced by 
valiants of this site and the variants can be screened for their ability to be cleaved 
; by human Esplp when present at high levels in either yeast or human extracts. One 

\ way of enhancing the activity of human Espl for in vitro assays is to co-express it 

j IE along with human Pdsl and then make extracts from cells in wliich Pdsl has Just 

I been destroyed by the APC. A third approach to identifying suitable substrates for 

; a human Espl-related activity is to screen human homologues of yeast cohesion 

i proteins for their ability to be cleaved. Human homologues of all lour known (and 

I yet to be identified) yeast cohesin subiinits arc tested, in case the cohesion proteins 

2 0 cannot be cleaved, other proteins implicated in sister chromarid cohesion, in yeast 
\ (e.g. Pds5, Trf*) or animal cells (e g. MeiS322 from Di'osophila) can be tested. 

Based on information about the sequence specificity of the proteolytic cleavage site 
in yeast, other potential substrates for tlie protease can be found in sequence data 
bases. Tliis muy foni? the basis for finding substi'ates in otlier organisms, including 

2 5 humans, and allows for the design of pepiides which are useful as substrates in the 
screening assay of the inventioTu When developing the screening assay of the 
invention, which preferably comprises components of human origin, from yeast to 
human, it may be useful or necessary tu use an mlermediate assay based on the 
protease and^or its substrate derived from intennediate organisms. Such an 

3 0 intennediate assay can be based on craponentfi tiom the fission yeast S. pombe. For 
example, the S.pombe homologue of Sccl (called Rad21) co»:*tain$ two sequences, 
which are similar to the two known cleavage sites in Sccl and Rad21 derived 
sequences may therefore be used to generate a substrate for S. pombe Espl (called 
Cutl ). This process of advancing to higlier organisms can be applied stepwise until 

3 5 a human system is attained. The cleavage site of tmy new substrate for human Esp 1 



can be determined by purifying ihs cleavage product and deierniiuing the 
N-temiinal sequences by Edman degradation as described above. 

The identification of the protease responsibl:* for Eispl -related activity' and ihe 
identification ofpotsntial co-factors, together with the identification cf the 
5 substrate(s) for the protease and^'or its co-factor(s), as described above, is xhe 

prerequisite for designing an assay that allows for ihe identification cf subsiances 
interfering with sister chromatid separation. 

In anoiher aspect, the present invemion relates to a method for identifying 
compounds that inlilbit the proliferation of rapidly dividing cells, characterized ir. 
1 0 that the protease which is responsible for the proteolytic activity involved in sister 
chromatid separation, optionally together with one or more co-factors, is incubated, 
in ihe presence cf tlie substrate(s) for the protease and opticaaliy its cc-factor(s). 
with test compounds aiid that the modulating effect of the test compounds on said 
proteolytic activity is determined. 

15 Tfiis screening method of the invention is based on the assays for identifying 
inhibitors of the Espl -related activitiy; which ai'c described above, u may be 
perfonned with yeast constituents as assay coinponents, and siibseqaenlly 
developed furtlier stepwise using inleimediate substrates, e.g. from S. pombe or 
Xenopus lae^ds, and finally eciiivaient human substrates (as described above). 

2 0 The major components of the assay, i.e. the protease, its poientiaJ co-factors 

the subi^tTutes, have been described above, ihe protease substrates usefu! in the 
above assay may be those equivalent to or mlriricidng the naturally occioring 
substrates, e.g. ciiide chromatin preparations, leconshUaed cohesin complexes, or 
cohesion proteins like Sccl. 

2S In a preferred embodunent. the substrate is a peptide containing the cleavage site of 
the TmturaUy occuring substrate. The sequence specificity of the proteolyric 
cleavage can be determined by testing a vaiiet)- of different peptides. These 
variants can be generated either by synthesising vai .iani peptides or by mutating 
DNA sequences from genes encoding cohesion proteins (as described above). 

3 0 The screening method of the invention to identify drug cajididates ibr cancer 

therapy is carried out according to assay principle.^ known in the art foi identifying 
protease inhibitors. Such assays ai'e based on die detection of die cleavage products 
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of the substrate. To achieve this, a peptide or protein substrate that contains 
cleavage sites for the protease to be inhibited, is derivatized a-uh u derectabis lable, 
e,g a radioactive or a fluorescent Jabel. Upon cleavage of the substrate by the 
protease, the cleavage product can be measured. !i a test substance is an mhibiior of 
5 the protease, there is no detectable signal. 

Recently, various assay methods for identifying protease inhibnors have been 
described that are amenable to automation in a high-tlircughpm fontiat, e.g. the 
method described by Ceaetani et al., 1999, for hepatitis C virus NS3 protease, the 
method described by Ambrose et al., 1998, the microtiter colorimetric assay fot the 

1 0 Hr\^-^1 protease described by Stebbins md Debouck, 1997, the fiuoresoence 
polarization assa>- described by Levine et ah, 1997, the assay for hepaiits C 
protease using quenched fluorogemc substrates described by Taiiani et al, 1996, 
the method using immobilized peptide substi'ates described by Singh et al., 199(3, 
the assay used for studying the inhibition of cathepsin G. using bioiinylaied and 

15 cystcine-modificd peptides described by Brown et al., 1994. Additional examples 
for assays that may be used ia the preseni. invention for a high-throughput 
screening method to identify inhibitors of the Espl -related proteolytic activity were 
described by Gray et al., 1994, Murray et ah, 1993, Sarubbi et ah, 1991. 

The compounds identified in ihe screening process of the invention ;ire candidates 
2 0 for di-ugs tliat hiterfere with or modi fy the process of sister chromatid separation. 
Such drugs ca^i eitiier be used as anti-proliicrative agents lo combat proliferative 
diseases, in particular cancer. They can also be used to suppress instances whether 
premature sister separation causes pathology, for example m the origins of human 
cUicuploidy. 

i 5 For therapeuiic use, candidate substances identified in the screening methods of the 
inveniion are further chai'acieri?ed in a secondary- screen, as mentioned above, e.g. 
by testing their efficacy either on yeast cells or TTiainnialian cells. Effective 
comixjunds should block: sister chromatid separation, which can be measured in 
yeast or standard cvtologicas techniques in niaiiunaliaii cells. Effective compounds 

; 0 are eiti^cr c>lostatic or cytotoxic. Substances whose potential for therapeutic use 
has been confirmed in such secondary screen, are formulated and characterip^ed in 
more detail for tlie development of medication in the usual way with regard to their 
pharmacological characteristics (bioavaiiibihty. side effects,. etc), e.g. in suitable 
animal tumor models, and subsequently in cliiiical trials. Methods for the 
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IbnnulaUc.o of phunnace-utical preparations can be foursd in staiidaxd text books, 
e.g. Reniington's Pharmaceutical Sciences, 1980. 



i 

I Brief description of the figures; 
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Fig. 1: Chromosome association of Scclp in Gl is Espi -dependent 

Fig. 2: 111 viti-Q assay for Scclp cleavage and dissociaiion from chromatin 

Fig. 3; Detection of the Scclp cleavage product in vivo in cells p'dssiug 
sychronously throught the metaphase lo anaphase transition 

Fig. 4; Expression of a non-cleavable variant of Scclp prevents Scclp dissociaiion 
from chromosomes and sister chromatid separation in vivo 



If not othervvise Gtated, the following macerials and methods were used in die 
experiments of the present invention 

a) PLasmids and sti'ains: 

1 5 The Scclp coding sequence (Saccharomyc^^s Genome Database YDL003W) was 
cloned under control of the GALI-IO promoter in a IrHplac ].28 derived vector 
(Gietx; and Sugino, 1988), and under its own promoter into YCpiacI 1 1 (Giet?. and 
Sugino, 19&8) using the polymerase chain reaction (PCR). DNA fragments 
encoding multiple HA and myc epitopes were insetted into restriciion site> 

2 0 introduced by PCR at the N- and C-iermini of SCC 1 . Site direcred mutagenesis was 
perfoiined by PCR using primers containing the desired nucleotide changes. The 
vahdity of all constmcts was verified by nucleotide sequencing. 

All strains used were derivatives of W303 (HMLciHMRdi ho ade2'I trpl-l can!- 
100 leu2'3J12 hJyJ' JIJJ uru3). Epitope tags at the endogenous Scclp were 
2 5 generated by a PCR one-5tep tagging mechod (Michaclis ai., 1997). A strain 
overcxprcssing Esplp from the GALl-lO promoter was described (Ciosk et al., 
199S) and crossed lo a strain containing the cspl~! mutation (NfcGrew et ai., 
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1992). A slrain expressing the scle source of Cdc20p under coatroi of the OALl-IO 
promoter was described in (Lim aL, 1998). To visualize sister chxornalids a Tet 
repressor-GFP fusion protein is synthesized in ihe cells that binds to a cluster of 
Tet operator sequences integrated at the URA3 locus close to ihe centroiDere of 
5 chromosome V as described in Olichaelis et al., 1997), 

b) Cell growth and cell cycle experiirients 

Cells were grov^Ti in complete medium ?^ose et aL, 1990) at 25^C if not odiei'wise 
stated. Strains expressing Cdc20p, Espip, or Scclp from the GALl-lO promoter 
were grown in complete medium containing 2% Raffinose as carbon source. The 

1 0 G.iLJ-lO promoter was induced by adding 2% Galactose. A Gl like arrest was 
achieved by adding 1 ,ug/mi of the pheromone alpha factor to the medium. For a 
metaphase arrest, 15 |Lig/ml nocodazole was added with 1% C*MSO. Metapnasc 
aixesi due to Cdc20p depletion was obtained in ceils with the sole source of 
CQc20p imder contTol of the GAL I -10 promoter. A logarithmically growing culture 

15 in complete medium coiUaining Raffmoss and Galactose was filtered, washed with 
medium containing Raffmose only, and resuspendcd in the same medium. For 
release from the arrest 2% Galactose was added back to the culture, 

c) Li vitro assay for Esplp activity 

A cmde Triton X-100 insoluble cloromatin preparation was obtained froiT) yeast 
2 0 cells as described (Liang and StiUman, 1997). The pelleted chromatin was 

resuspended in yeast cell extracts that h,ad been prep<u*cd similar to the supernatant 
fraction of the chromatin prepai^ation. One tenth volume of an ATP regenerating 
system was added (50 mM HEPES/ICOH pH 7.5, 1 00 mM KCl 10 mM MgCb. 
1 0 niM ATP, 600 mM creatin phosphate, 1.5 l ^/ml phophocreatin kinase, 1 mM 
2 5 DTT, 1 0% glycerol). Reactions were incubated for 10 min ai 25*^0 with shaking 
and stopped on ice. The chromatin fraction was separated again from the 
supernatant by centrifogation, and resuspended in buffer EBX (Liang and Stiliman. 
1997). Equivalent aliquots of st^ematant and chromatin pellet were analysed by 
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SDS-PAGE and Western blctiuig. Sccl-HA M'as detected with Ihe anri-HA 
txioiioclonal aiiribody \6B\2 (Boeliringer MaiJinheirnj. 



Siticeoverexpression of Esplp rrom the GAL I -10 promoter is toxic to cells, 
extracrs with overproduced E-splp \^'ci'e prepared 2 h after induction with galactose 
5 of a cultoi'e pregrov.Ti in medium conlaining raffinose only. 

d) Protem sequencing of the Scclp cleavage sue 

The C-temimai Scclp cleavage fragment was isolated from cells that contained 
Scclp tagged with 18 tandem niyc epitopes at the C -terminus. A Cdc20 
axTestTplease strategy was employed to obtain cells coutai:iing a high portion of 

1 0 Scclp in ihe clea\'ed form. Protein extract o f > x 10'' ceils was prepared by 

breakage with glass beads 1 5 niin after release from vhe metaphasc arrest, niyc- 
epitope tagged protein was ininvjnopreciuitated with 20 mg anti-myc 9E1 1 
monocional antibody under denaturing conditions and resolved on SDS-PAGE next 
ID size markers. Proteins were transferred to a PVDF rnombranc and stained with 

1 5 Coomassie Brillaiit Slue R250- N-terminal sequencing of the band corresponding 
io the Scclp cleavage fragtucm yielded tlie an^jno acid sequence RLGESTM 
(Scclp -iniiao acids 269 onwards). 

e) Others: 

Analysis of DNA content was perfomied a.s descnbed (Epstein and Cross, 1992} on 



a Becron Dickinson FACScan. chromosome spreads were as described (Michaelis 
et ah, 1997), photo microgi-aph^ were laken with a Photometncs CCD camera 
mounted on a Zeiss Axiophot nricroscope. 

hi vitro translation of Pdslp was performed in reticulocyte lysate using the 
TNT system (Promega). 




Exiiniple 1 



Chromosome asj;ociation of Sec! p in Gl is E&pl -dependent 

A) Cells, xvfld lyjie for ESP! or containing the espJ-l inutation, with an 
unn^.odu'ied endogenous copy of Sec 1 and a second niyc-tiigged copy under the 

5 coriiTol of the GAL promoter were arrested vviih the mating pheronnone alpha factor 
for 120 min. All oeiis htio then axresccd in the- Gl phdse of the ceil cyde (umepomt 
0 of the experinient j. The FACScan proflie of the DNA content is shown, 
demonstrating tlial all cells stayed axresced during the following 120 min time 
course of the experiment. Scclmyc v/a3 induced for 60 min by adding 
10 2% galacto-ie, then cells were transfeixcd to medium containing 2% glucose to 
repress Scclmyc expressior fFig. ]iiV 

B) E?cpression of Scclmyc was seen by v/hole cell in situ hybridtzaiion (op^;n 
circles)., and chromosome binding of Scclmyc wus observed using chromosome 
spreads '.filled squares). The percentage of cells positive for Scclmyc 3xpression 

1 5 and tliat had Sccl myc hound to chroinosomes is chown in ihe graphs (Fig. lb). 

Example 2 

In vitro assay for Scclp cL?.r.vage and dissociation iiom ciu-oniatin 

Cliromatiii was prepared from a strain containing Scclp tagged with HA epitopes 
thai was arrej^ted in metaphase with uocodazcL The proteins in the chromatin 
2 C preparation were resolved by SDS-PAGE and Sccl-i'L\ v/as detected by western 
blotting (Fig. 2, lane 1). This chromatin preparation was resuspended in the 
indicated extracts, with or witliout: additiori of in vitro Iransiation products as 
indicated. Incubation was for 10 rain at '25X^ after which the cliromatiu was 
separated again from the supernatant by ccntrifugation. Aliquots of the supernatant 

2 5 fraction and the chromatin fraction of each reaction were analysed. 

Exaniple 3 

Detection of the Scc lp cleavage product irj vivo in cells passing sychi'onously 
ihrought the metaphase to anaphase transition 

Tlie strain used expressed Cdc2<>p under the control of the G AL promoter as the 

3 0 only source of Cdc2«Jp. Scclp was tagged with HA epitopes, and sister clu-omatids 



v.'ere visucilized by retR-GFP bound to feiO sequences insened at the centromere of 
chi'omosome V. Ceils wei-e aiTested ai melaphase by depleting the cells of Cdc20p 
in medium lacking galactose for 120 min. Tnen 2% galactose was added to induce 
Cdc20p s>Tithesis. 

5 A) The FACscan proill? cf the rimecours is shown in Fig. 3a. 

S) Budding (Fig. 3b, filled squares) was scored, all ceils arretited after 120 imn 
with iiirg3 buds and cytokinesis happend for most ceils between 30 mir. and 45 min 
after induction of Cdc20p synthesis. Sec 1 -HA bound to cliromosonics was seen on 
chroniosonie spreads (Fig. 3b, open circles) in most cells in the airest, and 
1 0 Sccl-HA disappeared ft'om chroinosomes within 1 5 mir afler release. The 

percentage of ceils with separated sister cl:irorriatids as seen as the occurrence of 
two separated GFP dots in one cell body is presented (Fig. 3b. Filled triangles). 

C) Examples of cells in the airest at 12G min and 15 min after release. The 
synchronous separation of sister chromatids is visible as separating GFP dots 

15 (Fig. 3c). 

D) Western blot analysis of whole cell extraccs at the indicated time points. The 
cleavage iragment of Scci-H.A is apparent at 135 min shoii at\er the release from 
the meiaphase block into anaphase (Fig. 3d). 

Example 4 

2 C Expression of a non-cleavable variant of Scclp prevents Scclp dissociation from 
cliromosomes and sister chromatid separation in vivo 

A) FACscan profile of the DNA content as unbudded Gl cel ls were released itv,o 
the cell cycle either with or without the induction of the ScclRR-DD mutant 
(Fig. 4a). 

B) Budding index withouT (Fig. 4b. open squares) or with (Fig, 4b, open triangles) 
induction of ScclRR-DD. Sister chromaiid separation m the ceils v/as monitored 
by countinij the percentage of cells containing (wo separated GFP dots (Fig. 4b, 
filled squares for Ihe conlrol culture not expressing Sec 1 RR-DD, and tilled 
triangles for the culture expressing Sccl RR-DD). 



C) Sccip chromosomse association was measured on chromosome spreads. The 
endogenous wild type Scclmyc is shovvr. for the conirol cells (open squares) and 
celis expressing ScclRR-DD (Fig. 4c, open mangles). Tlie ScclRR-DD was H.A. 
tagged and detected on cliromosome spreads of the induced culture (Fig. 4c, filled 
triangles). 

.D) Examples of chioniosome spreads of both cultures ai 150 min in meiaphase and 
ai i 80 mm when most cells of the control culture had undergone anaphase. The 
DNA was stained with D.AJ>1, Sccimyc was delected with a rabbit-aiiti-myc 
antiserum and anti-rabbit-Cy5 conjugated secondary antibody, ScclRR-DD-HA 
was detected with the mouse monoclonal antibody » 6B 1 2 and anti-moiise-Cy3 
conjugated secondary antibody. Sister chromatids of centromere V were visualized 
by ihe GFP dots (Fig. 4d). 
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Claims 



1. Phannaceuticany active compound, chai-acteriied in that it interferes with or 
5 modulates sister cm-oinatid separation by modulating the activity that cleaves 

one or more sister chromatid cohesion proteins, such as cohesin sabunits. 

2. Tlie compound of claim 1, characterized in that it is a protease inhibitor 
specific for tlie proteolytic activity that cleavei; one or more sister chromatid 
cohesion proteins. 

10 3. Method for identifying compciaids that inhibit the prolifertitioD of rapidly 

dividing cells, characterized in tl:iat the protease which is responsible for the 
proteolytic activity involved in sister chromatid sepaiation, optionally 
together with one or more co- factors, is incubated, in the presence of the 
substrate(s) for the protease and optionally ks co-factor(5), vvith test 

15 compounds and that the modulating effect of the test compounds on said 

proteolytic activity is deteOTiined. 
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Phanimceutical-'y active compounds that interfere with or modu!ai5 sister 
chromatid separation by modulating tlie activiti; ihat vleaves one cr more sister 
chromatid cohesion proteins, such as cohesin subunits, and metliod for identilying 
such compounds. 



